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Abstract.

In 2006, an outbreak of Chikungunya virus (CHIKYV) of the Asian genotype affected over 200 people in

Bagan Panchor village in Malaysia. One year later, a post-outbreak survey was performed to determine attack rate,
asymptomatic rate, and post-infection sequelae. Findings were compared with recent CHIKV outbreaks of the Central/
East African genotype. A total of 180 residents were interviewed for acute symptoms and post-infection physical quality
of life and depressive symptoms. Sera from 72 residents were tested for CHIKV neutralizing antibodies. The estimated
attack rate was 55.6%, and 17.5% of infected residents were asymptomatic. Arthralgia was reported up to 3 months after
infection, but there were no reports of long-term functional dependence or depression. Symptomatic and seropositive
residents were significantly more likely to live in the area with the most dense housing and commercial activities. CHIKV
had a high attack rate and considerable clinical impact during the Bagan Panchor outbreak.

INTRODUCTION

Chikungunya virus (CHIKV), an alphavirus transmitted
by Aedes mosquitoes, causes epidemic fever, rash, and arth-
ralgia. CHIKYV is endemic in Africa and Asia, where numer-
ous outbreaks have been reported since the 1950s. There
are three genotypes of CHIKYV, which are the West African,
Central/East African (CEA), and Asian genotypes. Since 2005,
CHIKY of the CEA genotype has spread worldwide from ini-
tial outbreaks on Indian Ocean islands and in India and has
affected millions.

The Aedes vectors for CHIKV are endemic in Malaysia.
However, the first confirmed outbreak of CHIKV only
occurred recently and was confined only to Klang in 1998.!
A second limited outbreak occurred in Bagan Panchor, about
200 km northwest of Klang, in 2006,>° representing a reappear-
ance of CHIKYV in Malaysia after an 8-year hiatus. This pattern
of reemergence after several years has been described in other
countries.* The Bagan Panchor outbreak was caused by the
endemic Asian genotype, similar to that identified in the 1998
outbreak in Klang but distinct from the CEA genotype that
was causing the worldwide epidemic at the time. The epidemic
CEA genotype was subsequently imported into Malaysia, lead-
ing to another small outbreak in Ipoh (2006),’ before causing
the nationwide outbreak that has been ongoing since 2008.6

Seroprevalence surveys after outbreaks of Asian CHIKV
are scarce. They are potentially of interest, because they may
provide insight as to why the Asian genotype has never caused
epidemics on a global scale as the recent CEA strains have. In
2007, 1 year after the outbreak, we visited Bagan Panchor to
determine seroprevalence, asymptomatic infection rates, and
sequelae of CHIKYV infection. We compared our findings with
studies of the recent epidemic CEA genotype.

MATERIALS AND METHODS

Bagan Panchor (4°31°N, 100°37’E) is a small fishing village in
the state of Perak, located on the northwest coast of Malaysia,
with a predominantly Chinese population of approximately
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1,500 (Figure 1).” The study was conducted in March 2007,
about 1 year after the CHIKV outbreak, which lasted from
January to April 2006. During the outbreak, the Ministry of
Health identified over 240 suspected symptomatic cases with
at least one of the three main CHIKV symptoms of fever, rash,
or arthralgia. Approval was obtained from the Medical Ethics
Committee of the University Malaya Medical Center. Support
for the study was obtained from community leaders of Bagan
Panchor.

The investigating team conducted house-to-house inter-
views by visiting all houses in the village using a structured
questionnaire in Mandarin. The location of the houses was
described as being in the southeastern (area A) or northwest-
ern (area B) half of the village (Figure 1). All those who took
part gave informed consent. For children unable to answer the
questions, their parents or legal guardians were consented and
interviewed. Participants were first asked demographic ques-
tions and then asked if they had experienced acute symptoms
consistent with CHIKV infection during the outbreak period
of January to April 2006. Symptomatic participants were
defined as those with at least one of the three main CHIKV
symptoms of fever, rash, or arthralgia. Those who were symp-
tomatic were further subjected to a Barthel Index (BI) ques-
tionnaire and a Mini International Neuropsychiatric Interview
(MINI) to determine symptoms of functional dependence and
depression up until the time of the study in March 2007. The
Bl is a scale measuring ability to carry out certain activities of
daily living in self-care (e.g., feeding and bathing) and mobil-
ity (e.g., ambulation and climbing stairs), with a maximum
score of 100 indicating physical independence.® The MINT is
a screening tool for identifying symptoms of a major depres-
sive episode.’

To determine seropositivity to CHIKYV, neutralization was
carried out for each serum sample in 96-well microplates (BD
Biosciences, San Jose, CA). The microplates were seeded with
10* Vero cells and incubated overnight at 37°C with 5% CO,.
Test serum was 2-fold serially diluted with serum-free media.
A positive control (rabbit anti-CHIKV serum) and nega-
tive controls (serum from an uninfected person and serum-
free media) were included in each plate. A CHIKV strain
(MY/0306/37348) isolated from a Bagan Panchor patient
was used as the viral antigen at a 50% tissue culture infec-
tious dose of 10%mL. Serum was heat-inactivated at 56°C for
30 minutes to inactivate complement. CHIKV was incubated
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FiGure 1. Representation of Bagan Panchor village, which is
arranged along a 1-km road running from southeast to northwest adja-
cent to the Panchor River as it flows into the Straits of Malacca. The
village is surrounded by a mangrove forest. The residences of sero-
positive and seronegative residents within areas A and B are shown.
Seropositive cases were more likely to reside within area B, which is
also where the shops and restaurants are located.

with an equal volume of serum at 37°C for 1 hour. This anti-
gen-serum mixture was then added to the Vero cells in the
microplate and shaken for 1 hour. Excess suspension was
removed, cells were briefly washed with serum-free media,
and Eagle’s Minimum Essential Medium with 2% fetal bovine
serum (Thermo Fisher Scientific, Waltham, MA) was added
for maintenance. The cells in the microplate were observed
for characteristic cytopathic effect. The neutralization titer
for a given serum sample was determined by the highest
dilution at which that serum neutralized the virus at day 7.
Serum that contained no neutralizing activity did not inhibit
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cytopathic effects and was considered to be seronegative.
Serum with neutralizing activity was considered to be sero-
positive, indicating laboratory-confirmed past CHIKV infec-
tion. Each serum sample was tested in triplicate.

Data were analyzed using SPSS 15.0 (SPSS Inc., Chicago,
IL). Descriptive analysis was performed on demographic and
symptoms data. For univariate analysis, Mann-Whitney U tests
were used for continuous variables, and %2 or Fisher’s exact
tests were used for categorical variables. Logistic regression
analyses were also carried out to determine demographic pre-
dictors of two separate outcomes: symptomatic disease and
CHIKYV seropositivity. Univariate logistic regression was ini-
tially carried out for each variable. Those significant at P < 0.2
were entered into the multivariate regression model based on
the likelihood ratio test. Final P values of < 0.05 were consid-
ered as significant.

RESULTS

There were about 150 houses in total in the village. A total
of 180 residents, or 12% of the estimated 1,500 people, from
80 houses agreed to be interviewed (Table 1) (mean age =
38.2 years; range = 1-77 years). The 80 houses where the inter-
viewed participants lived were spread throughout the village;
there was no difference between the percentages of houses
sampled in area A and area B (47.9% versus 58.2%; y? = 1.6,
P =0.21). Of the 180 residents interviewed, 72 (40.0%) agreed
to have their serum tested (mean age = 44.0 years; range =
12-77 years). Of the 72 people tested, 40 (55.6%) were sero-
positive, and 7 (17.5%) of these were asymptomatic. Of the
tested acutely symptomatic participants, 33 of 38 (86.8%) were
seropositive; 7 of 34 (20.6%) tested asymptomatic participants
were seropositive. Three of seven asymptomatic seropositive
residents had a symptomatic household member.

TaBLE 1
Demographic characteristics of study participants

Participants interviewed

Participants tested for CHIKV

Total Asymptomatic Symptomatic Univariate analysis Total Seronegative Seropositive Univariate analysis
(N =180) (N=109) (N=71) (P value) (N=72) (N=32) (N'=40) (P value)

Age (years)

<18 years 38 26 (68.4%) 12 (31.6%) 0.15 5 3(60.0%) 2 (40.0%) 0.32

19-49 years 79 49 (62.0%) 30 (38.0%) 033 39 19 (48.7%) 20 (51.3%) 0.29

> 50 years 63 34 (54.0%) 29 (46.0%) Reference 28 10 (35.7%) 18 (64.3%) Reference
Sex

Male 84 53 (63.1%) 31 (36.9%) Reference 38 20 (52.6%) 18 (47.4%) Reference

Female 96 56 (583%) 40 (41.7%) 0.52 34 12(353%) 22 (64.7%) 0.14
Residential area

A 82 62 (75.6%) 20 (24.4%) Reference 28 17 (60.7%) 11 (39.3%) Reference

B 98 47 (48.0%) 51 (52.0%) <0.001* 44 15 (34.1%) 29 (65.9%) 0.03F
Educationi

Primary 77 43 (55.8%) 34 (44.2%) Reference 39 13(33.3%) 26 (66.7%) Reference

Secondary or tertiary 41 26 (63.4%) 15 (36.6%) 0.43 17 9 (52.9%) 8(47.1%) 0.17

Child < 18 years 38 27 (71.1%) 11 (28.9%) 0.12 5 4 (80.0%) 1(20.0%) 0.08

No formal education 23 12(522%) 11 (47.8%) 0.76 10 5(50.0%)  5(50.0%) 033
Occupation#

Housewife 56 31 (55.4%) 25 (44.6%) Reference 22 8 (36.4%) 14 (63.6%) Reference

Student 38 27 (71.1%) 11 (28.9%) 0.13 5 4 (80.0%) 1(20.0%) 0.11

Fisherman 24 13(542%) 11 (45.8%) 0.92 16 7(438%)  9(56.3%) 0.65

Unemployed 14 10 (71.4%) 4 (28.6%) 0.28 8 3(37.5%) 5(62.5%) 0.95

Businessman 12 5(41.7%)  7(583%) 0.70 4 1(250%) 3 (75.0%) 0.44

Retired 10 7 (70.0%) 3(30.0%) 0.39 4 3(75.0%) 1(25.0%) 0.66

Other 25 15(60.0%) 10 (40.0%) 0.39 12 6(50.0%)  6(50.0%) 0.18

*Living in area B was retained in the final regression model as a predictor of being symptomatic (adjusted odds ratio = 3.4; 95% confidence intervals = 1.8-6.4; P < 0.001).

+Living in area B was retained in the final regression model as a predictor of being seropositive for CHIKV (adjusted odds ratio = 3.0;95% confidence intervals = 1.1-7.9; P = 0.029).

$Data is missing for one patient.
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TABLE 2

Clinical features of seropositive residents with laboratory-confirmed
Chikungunya infection (N = 40)

Number/total %
Asymptomatic 7/40 17.5
Symptomatic 33/40 82.5
Arthralgia 30/33 90.9
Knees 22/30 73.3
Ankles 20/30 66.7
Elbows 20/30 66.7
Wrists 15/30 50.0
Fingers 12/30 40.0
Shoulders 6/30 20.0
Spine 2/30 6.7
Fever 25/33 75.8
Rash 21/33 63.6
Myalgia 16/33 48.5
Headache 10/33 30.3
Pruritus 8/33 24.2
Nausea 1/33 3.0

Bleeding 0/33 0

Symptomatic and seropositive cases were reported through-
out the village, although there were more cases in the north-
western half by the mouth of the river (area B in Figure 1),
which had more dense housing, the jetty,shops, and restaurants.
This was confirmed by multivariate analyses; the only signifi-
cant independent demographic predictor of both symptomatic
disease and seropositivity was residence in area B (Table 1).
Other demographics such as age, sex, education background,
and occupation were not significant predictors.

The clinical features of the 40 seropositive residents are
shown in Table 2. Of the 33 symptomatic cases, the most com-
mon symptoms were arthralgia (90.9%), fever (75.8%), and
rash (63.6%). The most frequently affected joints were knees,
ankles, elbows, and wrists. Of the 30 seropositive cases report-
ing arthralgia, 29 stated that joint symptoms lasted for a
median of 14 days (range = 2-100 days).

Two (5.0%) seropositive people reported dependence on
others for self-care activities such as using the toilet and dress-
ing, and one of two people required a wheelchair. This depen-
dence was temporary, lasting between 3 and 30 days. Only one
of the seropositive residents, who had arthralgia symptoms for
100 days, reported concurrent depressive symptoms of loss of
interest and tiredness; this was insufficient to meet the criteria
for a major depressive episode.

DISCUSSION

This study is the first seroprevalence study to be performed
in Malaysia since the 1960s, when “a very low level of popu-
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lation immunity” was found in the western states, including
Perak.!” A total of 72 Bagan Panchor residents were tested,
which is higher than the 63 tested during the outbreak.>”

Compared with the contemporary Indian Ocean outbreaks,
the attack rate in Bagan Panchor of 55.6% was higher than
the rates in Mayotte!' and Réunion Island' but lower than the
rates in the Comoros'® and Lamu Island in Kenya!* (Table 3).
The Bagan Panchor rate may overestimate the true attack rate,
because symptomatic participants were more likely to agree
to testing than the asymptomatic participants (53.5% versus
31.2%; x* = 8.9, P = 0.003). Differences in attack rates are
likely caused by local factors, including population immunity
and genetic susceptibility, vector competence, environmen-
tal settings, and effectiveness of outbreak control measures.
These may also vary within the same locality. We found that
residence in the northwestern half of the village, where the
main commercial activities and a greater density of housing
were located, predicted symptomatic disease and seropositiv-
ity. We did not explicitly study the reasons for this in Bagan
Panchor, but it is likely that social and environmental factors
contributed. For example, in Mayotte, CHIKV seroprevalence
was higher in households with structural risk factors for mos-
quito breeding or exposure, such as open yards and outdoor
toilets."” In two neighborhoods in Rio de Janeiro, the highest
seroprevalence of dengue was seen in the busiest areas, where
shops, schools, and transport hubs were located.!

The asymptomatic rate of 17.5% in our sample is within the
range of 16.7-27.8% reported in other studies.!"12!51¢ This rate
is much lower than that of dengue, which has asymptomatic
rates of over 70%."%" In the present study, 33 of 38 (86.8%)
symptomatic participants were seropositive, similar to the 53
of 63 (84.1%) symptomatic cases with laboratory-confirmed
CHIKYV infection reported during the outbreak.>® Some of
the suspected cases could be caused by other infections giv-
ing similar clinical symptoms, such as dengue. Symptom-based
surveillance is, therefore, not enough to accurately determine
the attack rate during CHIKV outbreaks, and asymptom-
atic people must also be tested. Asymptomatic cases would
have played a role in community transmission, because they
would not be confined to their homes like ill cases and would
remain mobile and active during their viremic stage.

The acute symptoms reported in this study were similar to
other outbreaks. Long-term sequelae, especially arthralgia,
have been reported in uncontrolled studies.” However, the
only study to date using matched controls found that CHIK V-
infected patients had only slightly reduced physical scores
for quality of life, with no impact on medical care received or
mental scores.?! In support of this, we found no residual physi-
cal dependence or depression in our sample. This supports the

TABLE 3

Laboratory-confirmed attack rates and symptomatic:asymptomatic case ratios reported in previous CHIKV outbreaks

Estimated Sample size tested Asymptomatic Symptomatic:
Site (year of outbreak) CHIKYV genotype* population size for CHIKV (%)  Attack rate (%) rate (%) asymptomatic ratio Reference

Bagan Panchor, Malaysia (2006) Asian 1,500 72 (4.8) 55.6 17.5 4.7 This study
Castiglione di Cervia, Italy (2007) CEA 2,000 325 (16.3) 10.2 17.9 4.6 15
Mayotte (2006) CEA 175,000 1,154 (0.7) 37.2 27.8 2.6 11
Réunion Island (2005-2006) CEA 787,836 2,442 (0.3) 38.2 16.7 5.0 12
Grande Comore, Comoros (2005) CEA 340,000 331 (0.9) 63 - - 13
Lamu Island, Kenya (2004) CEA 18,000 288 (1.6) 75 - - 14
Barangay Pulo, Philippines (1996)  Unknown

(probably Asian) 500 298 (59.6) 65.5 233 33 16

*CEA = Central/East African.
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need to better understand long-term outcomes of CHIKV
infection.

There are limitations of our study. Over one-half of the partici-
pants were housewives and children < 18 years, those most
likely to be at home during the daytime when the study was
conducted. However, there were no significant differences in
symptomatic disease or seropositivity among the different
occupations. Because the study was carried out 1 year after the
outbreak, there is the potential of recall bias. Finally, we cannot
exclude the possibility that asymptomatic seropositive residents
were actually infected before or after the outbreak. However, all
the symptomatic residents reported symptoms only during the
outbreak, and because CHIKYV infection is mostly symptomatic,
this suggests that the disease was active only at that time.

In summary, the outbreak of Asian CHIKV in Bagan
Panchor was comparable with recent outbreaks of the epi-
demic CEA genotype in terms of acute symptoms, attack
rate, and asymptomatic infection rate. The high attack rate
and the duration of arthralgia for as long as 3 months show
the impact of a CHIKV outbreak on a susceptible popula-
tion. Seroprevalence was greater in the part of the village
with more human activity, which suggests that busy communal
areas should be specifically targeted with vector control mea-
sures during an outbreak.
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